Introduction
The clinical anatomy of the vascular system belongs to the main research goals of our department. In frame of this scientific program, and in close cooperation with all the above mentioned departments, the morphology of vasa vasorum (VV), supplying the wall of the human vena saphena magna (great saphenous vein, GSV) in both the normal and pathological conditions, was studied for several years. The most important questions we would like to answer by this research, belongs, above all, the problem of viability of GSV during its use as an autologous prosthesis for hyphen bypassing or for reverse bypassing on the lower extremities. Furthermore, we were also interested, whether and how the arrangement and morphology of VV of the venous wall is changed in different pathological situations. Most of the obtained results were published consecutively in morphological and angiological journals [1] [2] [3] [4] .
After successful presentations of our results at the international meetings during the last two years [3] [4] [5] [6] we received an appeal from the leaderships of both the Czech and Hungarian phlebological journals for publication of brief review of our results dealing with the morphology of the vascular supply of the GSV wall [5, 6] .
Material and Methods
This entire study used the venous material from 78 individuals of both sexes, with a mean age of 66 years. The morphology of the feeding vessels was studied on non-varicose cadaverous material. Part of this material (15 individuals, mean age 68 years) was embalmed routinely by formalin and 65% alcohol for the dissection courses of the medical students of our faculty. By the other 19 individuals (fresh material 24-36 hours post mortem, from the pathological dissections, mean age 69.4 years), an injection of India ink (diluted 1:1 by saline) into the vascular system of lower extremities via the external iliac artery was done. All specimen obtained were studied by microdissection after their previous fixation in 10% formalin for one week.
The arrangement of the intramural vessels was studied on both normal and varicose GSV from 44 individuals (25 males, 19 females, mean age 60.6 years) undergoing either the aortocoronary bypass or the classical surgical treatment of varices and thrombophlebitis (e.g. high tie and stripping of the GSV). In one part of this material, a microinjection of the whole VV system with the resin Mercox-Cl-2B was performed, and the obtained vascular casts were analyzed in a scanning electron microscope (SEM).
In all these cases the specimens for the histological procedures (hematoxylin-eosin, Weigert´s method for elastin and that for Factor VIII stainings) were taken, too.
The detailed descriptions of the whole material and methods used are published in our previous papers [1, 2, 8, 9] .
For the definition of the levels of varicose changes, based on clinical and morphological investigation, the current official CEAP classification was used [10] .
Results

Normal veins
Feeding vessels
Through microdissection on the embalmed material (including the specimens with the India ink injections), it was found that the delicate feeding vessels for the GSV wall originate from the superior vascular stems supplying the whole layer of subcutaneous tissue. During their run to the supplied vein, they regularly pass the wall of the perivenous compartment, encircling the vein along its entire course. This compartment has a form of a very thin connective tissue sheath containing, except of the GSV proper, a 5-8 mm thick layer of perivenous adipose tissue. The bundles of the feeding vessels consist of one artery and one vein, reaching the surface of the GSV in intervals at about 1.5-2 cm. The diameter of the arteries is approximately 100 μm and the corresponding veins are larger at approximately 150 μm. The feeding vessels also send thin branches for the supply of the perivenous adipose tissue inside of the compartment. On the proper surface of the GSV, they regularly ramify into longitudinal branches, parallel to the longitudinal axis of the GSV and continue into loose and irregular adventitial vascular networks (Fig. 1a) . The India ink, which filled the entire VV system completely, was never present in the lumen of the GSV proper.
SEM analysis of the corrosion casts
The whole three-dimensional manner of the branching of adventitial vessels, as well as the general arrangement of the microcirculatory bed of the GSV wall, is well demonstrated in small enlargements of the electronograms (Fig. 1b) . The shape of some of the extravasations is very similar to the way of the natural localization of the smooth muscle cells in the media.
In detailed pictures (Fig. 1c) , it is apparent that the longitudinally elongated capillary loops are parallel to the longitudinal axis of the GSV -that is why they are perpendicular to the transversally located bodies of smooth muscle cells. In all cases, there were fine extravasations located in the media layer only, never spreading into the lumen of the GSV proper.
Light microscopy
The most frequent histological finding was the surprisingly numerous grades of intimal hyperplasia of the venous wall. This was also evident in the non-varicose veins of all groups of patients (Fig. 2c) .
By histological analysis of the structure of the GSV wall, this kind of hyperplasia was determined as phlebosclerosis (see above). The histological sections have shown exactly where the deepest capillaries of the VV system are localized. In most cases, they were detected in the outer two-thirds of the media in both non-varicose as well as varicose veins ( Fig. 2a and  2b) . The increased presence of the VV in the innermost third of the media was regularly found in all cases of more pronounced and expressed intimal hyperplasia. Nevertheless, the hyperplastic intima remained completely avascular in all cases.
The lymphatic vessels were not found in any of the GSV wall layers using histological methods.
Pathologically changed GSV
Most of the veins specimens belonging to this group were harvested from the patients with different kinds of varices. Following CEAP classification, three clinically distinct groups were identified. Based on the group, we expected the presence of a possibly different pathology of the VV:
Slight and mild primary varicose changes a)
(CEAP grades C 0-1 /EP/A S 1/P=0 and C 2 /E P /A S 2-3 /P R ). These samples were harvested during the surgical procedures of patients undergoing aortocoronary bypass. None of the cases detected any macroscopically apparent varicose changes of the GSV stem. On the contrary, in one exceptional case of extensively developed primary varices (male, 76 years), which we obtained from the Department of Pathology and could inject with India ink, local dilatations and tortuosities of adventitial veins were apparent (Fig. 3a) . Similar changes were observed on the veins in the surrounding adipose tissue inside of the perivenous compartment. In comparison with the changed venous architecture, all arterial branches have kept their natural and untouched arrangement. The histological analysis of specimens of both groups showed the frequent appearance of the intimal hyperplasia of different stages. The VV were increased exceptionally, only in cases of the most pronounced intimal hyperplasia, where the new capillaries were growing into the innermost layers of the media, but never into the hyperplastic intima proper (Fig. 3b) .
Recurrent varices, GSV after thrombophlebitis b)
(CEAP grade C 2 /E P /A S 2-4 /P R-0 ). All specimens were harvested during the surgical procedures for recurrent varicose changes and by extirpations of the GSV for thrombophlebitis. In all these cases, extensive levels of intimal hyperplasia were found in combination with the degradation of the elastic membranes of media and by the hyperplasia. There was also frequent obturation of the GSV lumen by organized thrombi (Fig. 4a) . In all these cases, a regular increase of the VV growing into the innermost layer of media, the whole hyperplastic intima, and the thrombi, was also detected (Fig. 4b) .
Discussion
The use of a combination of several morphological methods enabled a widening of hitherto data dealing with the morphology of the vascular supply of the GSV wall:
With the help of 1.
microdissection of embalmed material, it was possible to confirm Cagiatti's description of the morphological construction of the venous compartment [11] . Using the combination of microdissection and India ink injections, we were able to describe the details of the common vascular supply of both the perivenous adipose tissue and the GSV wall proper in both normal and pathological conditions. The successful use of 2.
India ink and Mercox resin injections with resulting corrosion casts offers very good survey of the general arrangement of all segments of the vascular network of the GSV wall and of their detailed three-dimensional architecture. In all injected specimens, the deepest capillaries are regularly drained into the veins of the VV system, and so we were not able to detect any direct communication between the VV and the GSV lumen proper. Similar results were obtained by intraluminal injections of the GSV lumen by India ink or Mercox resin -in no case these injections did fill the VV system [1] . Therefore, from this point of view we are not able to validate the earlier data on the possibility of retrograde filling of the VV from the GSV lumen [12, 13] . In our previous publication, we described the openings of some GSV adventitial venous VV (venae vasorum) into the terminal segments of the largest GSV tributaries, but never into the GSV stem properly [1] . the combination of three different kinds of staining methods described with certainty the exact localization of the deepest capillaries inside of the venous wall. It was evident that in normal veins, the capillaries occupy only the outer twothirds of the media. On the other hand, in the cases with an extensive intimal hyperplasia, also called phlebosclerosis by other authors [14] , the VV were growing into the innermost layers of media, but never into the hyperplastic intima. It is necessary to emphasize that such morphology of the VV was described in both normal as well as in primary varicose veins (including patients undergoing the hyphen bypassing). Regarding the changes of collagen and elastin in the varicose vein wall, see [15] .
Group of GSV with extensive pathological changes. 4.
The most impressive morphological changes of the venous wall and its vascular supply were found in recurrent varicose knots and in thrombophlebitic GSV. To the maximally expressed pathology belonged the extensive intimal hyperplasia, degradation of the elastic membranes of media and its hyperplasia, and thrombosis. In all these cases, frequently with all types of changes present at the same time, an apparent increase of new VV was found. It was richly branched in all layers of media and in the whole thickness of the hyperplastic intima and in the thrombi. On the basis of the obtained morphological data it can be concluded that: The described increase of the VV is one of the 1.
reactions of the venous wall due to increasing hypoxia, in the sense of the theory of Michiels et al. [16] . As evidence to the validity of this opinion, we can offer our findings of the slight increase of VV in cases of milder intimal hyperplasia (joined by the ingrowth of VV into the deepest media and with avascular hyperplastic intima) on one hand, and on the other hand an extensive invasion of VV into the whole GSV wall including the thrombi in the group of most profound pathological changes. It is evident that in such a situation, normal nourishment of the venous wall from the abluminal side via the normally developed VV is heavily impaired, and the developing hypoxia induces the neovascularization of the damaged GSV wall. From this point of view, our results are also in accordance with the findings and conclusions of Lengyel and Acsadi [17] . From the same point of view, we presume in contrast to the opinions of some other authors [12, 18, 19] that it is not possible to consider the described kinds of increase of the VV as the primary varicogenic factor.
During the harvesting of the GSV for aortocoronary 2.
bypass or for the reverse bypasses of the lower extremity, all feeding vessels of the VV system were completely damaged. The nourishment of the venous wall can only be enabled by diffusion from the luminal side because the convincing evidence of the neovascularization of these kinds of vascular prostheses is not yet available.
